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Abstract 

McDonald Observatory lunar laser ranging observations for 1973 
are presented in the form of compressed normal points and amendments for 
the 1969-1972 data set are given. Observations of the reflector mounted 
on the Soviet roving vehicle Lunakhod 2 have also been included. 
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INTRODUCTION 


The lunar laser ranging experiment (LURE) project at McDonald 
Observatory has provided beyond a doubt the unique opportunity to acquire 
successfully precise ranging data for the Earth-Moon system (Bender et al 
1973, Silverberg 1974). This is the third paper in a series devoted to 
the observations themselves. The first (Abbot et al 1973: Paper I) 

presented the observations for 1969-1971 and described the processes which 
were used to filter the observations from the noise and to compress these 
observations into normal points; the second (Shelus et al 1975: Paper II) 

continued the observations through 1972, presented a list of data amendments 
and discussed the precise role played by the geometry of the McDonald 2.7 
meter telescope in the proper use of the data. The processes described 
therein remain valid and should be consulted by the interested user before 
applying the data to analysis. We present here the observations for 1973. 

I. DATA AMENDMENTS 1969-1972 

As reported in Papers I and II it has been possible to detect 

spurious offsets in the measured time delay of an observation. Initially, 

the anomalies which were found were caused by non-random counter errors 

which were integer multiples of 50 nsec, the basic counter period. With 

the continuing improvement of the physical model of the lunar orbit and 

rotation the discrimination has been able to reach finer and finer levels. 

Largely through the efforts of Williams (1975), examples of other failure 

% 

modes which produce spurious offsets in the measured time delay of nearly 
arbitrary size have been found. Additional points in our previous data 
sets have been flagged as being suspicious. These are tabulated in Table I. 
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Carp should be exercised in the use of these points for any analysis 
activity. 

The reality of this discrimination is effectively proven by the 
fact that it is possible in most cases to go back to original observing 
logs and equipment documentation to isolate previously unsuspected anomalies 
on the basis of these spurious offsets. It has been proposed to begin a 
reconsideration of all raw ranging data in an effort to recover from 
anomalies such as those mentioned above. This effort will insure that 
early data have not been overlooked, will take advantage of the full 
accuracy available in the observations and will provide as wide a data 
base as possible. 


II. OBSERVATIONS 1973 

The normal-point data for the 1973 observations are presented in 
Table II. Complete definitions are given in Papers I and II. The 
442 normal data points contained here represent some 4281 photons such 
that an average point represents about 9.7 signal photon returns. The 
distribution of the 1973 data with respect to reflector is given in 
Table III. Figure 1 presents histograms of the distribution of the 
McDonald laser data with respect to the classical fundamental arguments 
of the lunar motion. The effect of the 1973 data is indicated explicitly. 
The distribution of the 1973 normal points is essentially identical 
to the distribution of the earlier data. A level distribution for the 
1969-1973 data would have 61 points per 20° interval. 

With the increasing importance of the lunar laser ranging 
experiment toward the solution of geophysically interesting problems, i.e., 
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earth lotation and precise position determination, it is also informative 
to note the distribution of observations with respect to parameters 
that govern observation site lccation. Figure 2 presents histograms 
of the distribution of the McDonald data with respect to the lunar 
declination and local hour angle. The division interval in each 
case i3 5°. Again, the data for 1973 is illustrated explicitly. The 
distribution with respect to the lunar declination shows: a) the moon 

spends most time at extreme declinations; b) since McDonald Observatory 
is in the Northern hemisphere observations are easier to obtain when 
the moon is at northern declinations; c) as the ascending node of the 
lunar orbit regresses toward the autumnal equinox, the total range 
of lunar declination decreases. The gross structure of the distribution 
of observations with respect to local hour angle is due to the fact 
that ranging is typically scheduled at McDonald for three 45 minute 
sessions per day, when the moon is at -3, 0 and +3 hours from the 
meridian. Additionally one can note that successful ranging to the 
moon is easier for smaller zenith distances, i.e., at meridian passage 
where one is firing through less air mass. 

III. LUNAKHOD 2 OBSERVATIONS 

The second of two French-built retroreflector arrays was deployed 
on the lunar surface on the Soviet roving vehicle Lunakhod 2, landed 
by the I.una 21 spacecraft in January, 1973. Shortly after, it was 
observed by a Franco-Americaw effort at the McDonald Observatory (Abalakin 
et al, 1973). A second series of McDonald observations was obtained 
a month later, after a considerable traverce by the rover. Due to the 
motion, these observations are of no practical val ue beyond giving 
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assurance that the reflector array was usable and permitting some very 
tenuous discussion of the use of very short data arcs for determining 
reflector coordinates (Mulholland et al, 1973). Tor completeness 
these observations have been presented in Table IV in compatible 
format with the other 1973 observations. These appear with the reflector 
identifier 4. 

In the months following these first acquisitions, Lunakhod 2 
could not be recovered. Interest was revived when the Soviet ranging 
team reported successful, but difficult, observations during the sunnier 
months of 1973. Operations were resumed at McDonald at the earliest 
opportunity (Barker et al, 1975) and after one unsuccessful night, the 
array was acquired on 1973 November 16. Weather and operational considera- 
tions prevented further observations of Lunakhod 2 during 1973 from 
McDonald. This one observation has been included in the regular data 
of Table II. 
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has contributed significantly to the amendments of Table I. 

The raw and filtered data upon which the normal points are based 
are available to all interested t\ S. scientists from the National Space 
Science Data Center, Code 001, Goddard Space Flight Center, Greenbelt, 
Maryland 20771. Foreign scientists should contact the COSPAR World 
Data Center, at the same address. 
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Table I. Suspect points from the list given in Table II of Taper I 
and II. T* is the equivalent Julian date of observation. 


T* (IfTC) 
2440000+ 


820. 9957076723 

1103. 5450520877 Paper I 

1195 0293865652 

1223.5264236034 

139977008522612" 

1399.7259837839 

1410.8993904243 

1411. 0085236030 Paper II 

1411.0252864501 

1417.0826562438 

1500.0826064827 

1522.7985301120 

1562.0130903073 

1647.9028472536 
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Table II. Observational nonnal points. Definitions of T*, T *, N, R, I’ 
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Table III. Sujmary of observations by reflector for 1973. 
■-=!— t-:- ■ — 1 ; t.- . ...... ■ =-. — r 
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Table IV. Normal points for Lunakhod 2 observations during January 
February 1973. Headings are identical to those in Table II. 
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FIGURE CAPTIONS 

Tigure 1. Histograms of the 1909-1973 observation discributions with respect 
to the phase of each of the fundamental arguments of the lunar orbit 
motion. The sampling interval is 20°. The shaded portion represents 
the 1909-1972 data presented in Paper I and Paper II. 

Figure 2. Histograms of the 1969-1973 observation distributions with 

respect to the lunar declination and the local hour angle of the 
moon. The sampling interval is 5°. The shaded portion represents 
the 1969-1972 data explicitly. 
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